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ABSTRACT

The purpose of this work at the Research Directorate, Weapons
Laboratory, WECOM, was to reduce the nitrogen gas transmission rate
(GTR) and permeability coefficient of oil-resistant elastomers without
adversely affecting other physical properties. This was accomplished
through the use of various fillers of proper size and shape to produce
a blocking effect, thus reducing gas transmission through the polymer
film. Carbon black and most nonblack fillers produced only a small
reduction Ia GTR, whereas platelike mica and graphite fillers produced
significant reductions of as much as 78 per cent. These reductions in
GTR were achieved without serious loss of oil resistance or compression
set; but, in some cases, loss in flexibility at low temperatures was
noted.
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F • OBJECTIVE

The purpose of this work was to develop elastomeric compounds with
low permeability to gases for potential use in the fabrication of
weapon components such as accumulator bladders for recoil mechanisms,
fuel pump diaphragms, and moistureproof barrier bags for combustible-
cased ammunition. This work was conducted by personnel of the Research
Directorate, Weapons Laboratory, WECOM.

BACKGROUND

The resistance of elastomers to the penetration of gases, vapors,
and liquids is an important factor in their use in weapon cynponents.
Whether high or low resistance to the penetration of gases and liquids
is desired is dependent upon the application of the material. In tire
inner tubes, for example, low permeability to air is desired; whereas,in water purification systems, high permeability to water and resis-"tance to the permeation of other substances is needed.

The development and the utilization of low-permeable elastomeric
compounds are important in the development of weapon components. Bar-
rier bags having low water-vapor transmission rates could mean the dif-
ference between success or failure of those weapon systems in which
combustible-cased ammunition is used. Elastomers with low permeability
to combustible liquids would mean a big step forward in the development
of the liquid propellant gun system.

High resistance to the penetration of gases and liquids with good
low-temperature flexibility and good oil and fuel resistance are usu-
ally not found in the same elastomer. 1 Yet these requirements are
often necessary for the proper function of weapon components and acces-
sories such as sea.:, 0 rings, diaphragms, bladders, and fuel storage
tanks. For example, the need exists for rubber accumulator bladders in
recoil mechanisms to prevent nitregen/hydraulic fluid interchange.
These and other requirements for low-permeable elastomers indicate the
need for the work described herein.

New polymeric materials are becoming available at a rapid rate,
and their usefulness in weapon components must be determined. The best
way to acquire knowledge of the engineering potential of these new
materials is through test anrd valuation. Information obtained in this
work will prove invaluable in the development of future weapon compo-
nents.

APPROACH

In previous work on the permeability of elastomers, efforts were
focused on the effect of polymer structure on the diffusion rates of
gases and liquids.- In this work, the effect of various types of fill-
ers and plasticizers on the nitrogen gas transmission rate of oil-
resistant elastomers was determined. The effect of these compounding
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ingredients on the inherently good oil-resistance and the low-
temperature properties of the elastomers was also determined.

Elastomers and compounding ingredients were mixed on a 6 by 13
inch open-roll mill. Standard test pads of butadiene-acrylonitrile and
polyepichiorohydrin rubber were cured for 30 minutes at 310'F and 347*F,
respectively. Fluorosilicone test pads were mold-cured five minutes at
240OF and air oven .,ostcured for eight hours at 392'F. All physical
properties were deteri:ined with the use of ASTM methods. Nitrogen gas
transmission rate dnd permeability coefficient were determined bý ASTM
Method D1434-066, Method V, on test pads 0.030 inch in thickness.

RESULTS AND DISCUSSIOV

Gas Transmission Rate (GTR). as determined by the volumetric
method, is a measure of the volume of gas passing through a specific
cross-sectional area of material. The thickness of the material is not
included in this calculation and must be stated separately. Perme-
ability coefficient is also a measure of the permeability of a material;
but, in this measure, the thickness of the test specimen is included in
the calculation. In determining GTR, the temperature of the specimen
and the gas must be constant during the test period. The gas pressure
difference across the specimen must also be kept constant. In this
work, the temperature was maintained at 770 F and the pressure difference
at 48 psig.

Four classes of oil-resistant elastomers were chosen for this
study; namely, fluorosilicone, low and high acrylonitrile content
butadiene/acrylonitrile copolymers (NBR), and polyepichlorohydrins.4
Of all known elastomers, the fluorosilicones possess the best combina-
tion of resistance to deterioration by oils, fuels, and other fluids,
coupled with excellent flexibility at -60°F and nonbrittlerness at -67°F.
This class of elastomer is, however, somewhat deficient in strength and
resistance to abrasion. The low acrylonitrile NBR polymers are not as
resistant to fluids as are the fluorosilicones nor do they function at
temperatures as low as the fluorosilicones, but they have good strength.
The high acrylonitrile content NBR elastomers have excellent resistance
to fluids and very high strength, but are incapable of functioning below
about 25°F. The polyepichlorohydrins are recently developed elastomers
which exhibit a good balance of fluid resistance, strength, and low-
temperature performance. The purpose of this study was to reduce the
permeability to gases of these four types of elastomers by reduction of
the number and size of the molecular voids in the elastomers. This was
to be accomplished through the use of large particle-size fillers and
by the indcreasing of the density of the cross links in the vulcanizates,
Because of the insufficient time allowed only a limited study of the
effects of cross-link density was possible.

Fluorosilicone rubber is well known for its poor resistance to
nitrogen permeation. Table I shows the GTR of a 30 mil film to be
2865.60 cm3 /24 hrs/meter 2 /atmosphere, which is very high. The addition
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of 30 pphr of 325 mesh mica, a platelike filler, produced a blocking
action to the passage of the nitrogen which reduced the GTR by 55 per
cent. The addition of this filler did not significantly affect other
physical properties.

Table II sho-, the physical properties of a low acrylonitrile con-
tent butadiene-acrylonitrile rubber. This rubber has a low nitrogen
GTR of 97.67 cm3/24 hrs/meter 2 /atmosphere. The reason for the low GTR
is that the large Pitrile groups attached to the polymer chain blockedthe passage of nitrogen molecules. The addition of 325 mesh mica and
graphite increased this blocking effect and reduced GTR by 70 and 77 per
cent, respectively. Magnesium silicate, Di;i. clay, and MT carbon black
were less effective in reducing permeabiiity, These fillers did not
significantly affect the other physical properties except the low tem-
perature flexibility, which was raised an average o: 130F.

Table III indicates that the addition of a plasticizer (TP-95,
Sdi(butoxy-ethoxy-ethyl) adipate) increases the nitrogen GTR by 100 per

.cent. The belief is that this increase can be attributed to the nitro-
gen molecules having a more friction-free path through the polymer
chains, The addition of 325 mesh mica and graphite reduced the GTP of
this plcsticized rubber compound by 78 and 74 per cent, respectively.
The other fillers in this table substantially reduced permeability but
by a lower percentage. The use of this plasticizer lowered the useful
low-temperature range of this vulcanizate by about 25"F. Compression
set is adversely affected by these filler/plasticizer additions and, in
one compound, is 300 per cent higher,

Table IV shows the physical properties of a high acrylonitrile
content but-diene-acrylonitrile rubber This rubber has more nitrile
groups attached to the polymer chain than the low acrylonitrile content
rubber shown in Tables II and III, This greater number of nitrile
groups blocking the passage of nitrogen produced a very low GTR of
12 54 CM3/24 hrs/meter 2 /atmosphere. The addition of the graphite
reduced the GTR 30 per cent, but.the 325 mesh mica produced only a 9
per cent decrease. Because of the high viscosity of this rubber, the
belief is that the mica is ground into a smaller particle size during
the mill mixing of vhis compound. These smaller particles offer less
blocking action to the nitrogen resulting in a higher GTR than would be
expected. The other fillers did not reduce gas permeability.

Table V shows the physical properties of a polyepichlorohydrin
rubber. This rubber demonstrates a very low nitrogen GTR of 11.17 cm-/
24 hrs/meter 2/atmosphere. The belief is that the large chlorine atoms
attachad to the polymer chain block the path of the nitrogen through
the robber film. The addition of 325 mesh mica reduced this low GTR
another Z5 per cent to 7.26 cm3/24 hrs/,oeter 2/atmosphere. Other fillers
were less effective in reducing GTR. The oil resistance remained excel-
lent, but other physical properties were adversely atfected by these
fillers.
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Table VI shows the physical properties of an epichlorohydrin-
ethylene oxide copolymer. This rubber has a very low GTR of 31.40 cm3/

24 hrs/meter 2/atmnosphere. In this series of compounds, the 'iller addi-
tions had more affect on the GTR than was expected as is shown in the
results obtained from other elastomers tested. Graphite and 50 mesh
mica reduced GTR 63 and 61 per cent, respectively. The other fillers
also sigrificantly reduced GTR without seriously affecting other physi-
cal properties.

Table VII shows the physical properties of a copolymer of
epichlorohydrin and ethylene oxiae with the addition of three types of
plasticizers. Ditsoamyl adipate lowered the useful low-temperature

range of this elastomer 150F, but the nitrogen GTR was increased by 200
per cent.
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CONCLUSIONS

The gas permeability of an oil-resistant elastomer can be signifi-
cantly reduced by the addition of fillers of the proper size and shape
without seriously affecting other physical properties.

Of the fillers evaluated, the platelike mica and graphite produced
the greftest reduction in gas permeability.

Plasticizers increased the gas permeability of the elastomers

evaluated in this study.

RECOMMENDATIONS

Those compounds developed under this project which possess low
permeability to gases and are adequate with respect to performance at
low temperatures and resistance to oils, fuels, and fluids should be
evaluated as components in future weapon systems. Of particular inter-
est would be the fluorosilicone rubber filled with mica and an
epichlorohydrin/ethylene oxide copolymer rubber filled with FEF carbon
black. These should be evaluated as the diaphragm in a hydraulic oil-
nitrogen gas accumulator being developed for the XMI50 cannon

Since the permeability of gases and vapors through a rubber film
generally are similarly affected by changes in the composition of the
rubber, 5 mica and graphite fillers used in this study to reduce gas
permeability should be utilized to reduce the water-vapor permeability
of rubber weapon components such as barrier bags for combustible-cased
ammunition.
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